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ABSTRACT
Nutrient Content of School Lunches and Packed Lunches
 as Consumed by
 Elementary School Students
Pamela C. Hamilton
This study compared nutrient content and intake of school and home-packed
lunches.  Food intake was estimated by weighing all food items and leftovers of 114
elementary school children.  Eighty-one percent of subjects consumed school lunch and
nineteen percent consumed packed lunches.  A nutrient analysis was conducted using
Nutritionist V.  Significant differences between the two types of lunch were determined using
ANOVA and Tukeys Test (HSD.UEN), p<0.05.
School lunches as selected were nutritionally superior to packed lunches for protein, vitamin
A, vitamin D, riboflavin, vitamin B6, folate, vitamin B12, pantothenic acid, calcium,
phosphorus, magnesium, zinc, and dietary fiber at p<0.05.
After considering food waste, nutrient intake from school lunch remained
significantly higher (p<0.01) for vitamin D, vitamin B12, pantothenic acid, phosphorus,
magnesium, and zinc; (p<0.05) for riboflavin, vitamin B6, folate, and calcium.
It was also noted that intake of milk and other dairy foods was higher (p<0.01) from
school lunches.
Nutrient content of school lunch in this study was adequate based on federal and state
guidelines for most nutrients and fiber, however, improvement is needed in overall nutrient
intake from school lunch.  Packed lunches were inferior to school lunches in both nutrient
content and intake.  Further, the findings suggest that milk and other dairy foods that are
naturally high in calcium and nutrient-dense overall would significantly improve the
nutritional status of packed lunches.
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1CHAPTER I
INTRODUCTION
The eating patterns of Americans have changed significantly over the past twenty
years.  It has been established that an unhealthy diet is a known risk factor for the
development of the nation’s four leading causes of death:  coronary heart disease (CHD),
certain types of cancer, stroke, and type 2 diabetes (National Center for Health Statistics,
1995).  According to Kelder, Perry, Klepp and Lytle (1994), the unhealthy eating and activity
patterns that contribute to adult diseases such as these, often begin in childhood and are
maintained through habit into adulthood.  Other diet-related health problems that occur in
adulthood but may have their onset in childhood include high blood pressure, osteoporosis
and the condition of being overweight.  The U.S. Department of Health and Human Services
(Public Health Service, 1998) reports that the prevalence of being overweight among
Americans has increased since 1980 for nearly all age, ethnic, and gender groups.
West Virginia leads the nation in many diet-related adult diseases.  In 1997, West
Virginia was ranked number one for prevalence of obesity among the fifty states, the District
of Columbia, and Puerto Rico (West Virginia Department of Health and Human Resources,
1999).  In the same year, three of the ten leading causes of death for West Virginia residents
resulted from diet-related diseases. These included cancer, heart disease, and cerebrovascular
diseases (West Virginia Department of Health and Human Resources, 1999).
The development of a healthy lifestyle begins in childhood and includes the ability to
make wise food choices.  Federal nutrition policy (HR 2066: the Healthy Meals for Healthy
Children Act as of 1993) mandated that school lunches should provide one-third of the
Recommended Dietary Allowances (RDAs) (National Academy of Science, 1989) for energy,
2protein, calcium, iron, vitamin A and vitamin C.  This same policy required that by no later
than school year 1998-99, the 1990 Dietary Guidelines must be implemented into school
lunch programs (Martin, 1996).  The West Virginia Board of Education extended this
standard with new legislation (δ126-86-4321.1) enacted in 1993 and completely implemented
by the 1995-96 school year, requiring that all school lunches provide six grams of naturally
occurring dietary fiber, no more than 1,100 milligrams (mg) sodium, no more than 30% of
calories from fat and 10% of calories from saturated fat (West Virginia Board of Education,
1994).
Consider whether current school lunches within the state are meeting these
requirements.  How do lunches brought from home compare to school lunches based on the
standards set by these recommendations for children?  This study will attempt to evaluate the
content of school lunches as selected by elementary students in West Virginia and packed
lunches provided from home, by comparing their nutrient value.
Purpose:
The primary objective of this research is to compare the nutritional value of school
lunch (food items offered by school food service personnel including a choice of up to five
school lunch components, but not less than three of the five offerings) and packed lunch
(food and/or beverages brought from home).  A secondary objective will be to determine if
student lunches as selected and consumed meet the most current nutrient standards (DRI,
RDA, and Dietary Guidelines for Americans) for children ages 7-10 years.  The overall
purpose of the study will be to make the results of this data available to parents and teachers
in order to evaluate the nutrient adequacy of food selections made by children in this age
3group.  In order to achieve the objectives of this study, the following hypotheses will be
tested:
Hypothesis 1:
There is no difference in the nutrient content of school lunches and packed
lunches.
Hypothesis 2:
There is no difference in the nutrient intake of school lunches and packed lunches as 
consumed.
Hypothesis 3:
There is no difference between school lunches and packed lunches in relation to   
latest RDA, DRI, and the Dietary Guidelines for Americans.
 
Problem Statement
The eating patterns of children have changed dramatically over the past years as a
result of changes in lifestyle, foods available for consumption and advertising.  In addition,
health initiatives for American children have shifted from concerns of too little food to those
of overconsumption.  It is known that diet and exercise trends in childhood have significant
bearing on adult health status and tendencies towards diet-related diseases (Munoz, Krebs-
Smith, Ballard-Barbash, & Cleveland, 1997).  Food choices that parents determine for their
children and those that children choose themselves are often influenced more by advertising
and peers than by sound nutrition knowledge.  Comparing school lunches, which are required
to comply with set standards, to packed lunches may provide data that will assist with
nutrition education for children, parents, and teachers.
4Assumptions
The methodology of this study is based on the following basic assumptions:
1.  There have been no changes made in the students’ typical packed lunches as a   
     result of parental/guardian consent to participate in the study, nor in the students’
     consumption of the packed lunch as a result of agreement to participate in the      
     study.
2.  There have been no changes in the typical school lunch as prepared and portioned 
     by school food service personnel, nor of student selection and consumption of the 
     school lunch as a result of agreement to participate in the study.
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REVIEW OF LITERATURE
Importance of Healthy Food Choices By Children
Current literature strongly indicates that the eating patterns of Americans have
changed dramatically over the past two decades (Wotecki, 1992).  Kennedy & Goldberg
(1995), noted that children are eating more frequently, consuming a larger percentage of
nutrients from snack foods, and eating larger numbers of meals away from home.  It has been
established that diet is a known risk factor for the development of the nation’s four leading
causes of death:  coronary heart disease (CHD), some types of cancer, stroke, and type 2
diabetes (National Center for Health Statistics, 1995).  According to Kelder, Perry, Klepp and
Lytle (1994), the unhealthy eating and activity patterns that contribute to adult diseases such
as these, often begin in childhood and are maintained through habit into adulthood.  Other
diet-related health problems that occur in adulthood, but may have their onset in childhood,
are high blood pressure, osteoporosis and the condition of being overweight.  The
Department of Health and Human Services (Public Health Service, 1998) reports that the
prevalence of overweight has increased since 1980 for nearly all age, ethnic and gender
groups.  The condition of being overweight increases the risk for development of long-term
health problems such as Type II diabetes, coronary heart disease, cancer, stroke, and
osteoporosis.  Power, Lake, and Cole (1997), indicated that adult mortality and morbidity are
influenced by childhood adiposity.
6Food and Nutrient Intake Patterns of Children
The 1999 U.S. Department of Agriculture report on the most recent Continuing
Survey of Food Intakes by Individuals (CSFII 1994-1996) indicated that the decline in diet
quality normally occurs between the ages of two to three and four to six.  The percentage of
children who have a good diet at these ages falls from 35% to 16%.  These are the ages when
children begin to make food choices based on the eating patterns of other family members,
their environment, and advertising.  According to Birch (1999), many food choices most
readily available to this age group include energy-dense foods that are high in sugar, fat, and
salt.  She also indicated that these trends provide eating environments that foster food
preferences inconsistent with dietary guidelines and promote excess weight gain and obesity.
Another trend in the food industry is vitamin and mineral fortification of many snack foods
and high-sugar beverages.  This practice misleads many consumers into believing that they
are providing a sound source of nutrition for their children.
The 1997 Youth Risk Behavior Surveillance System (YRBSS) representing ninth
through twelfth grade students nationwide indicated that less than one-third of the students
had eaten five or more servings of fruits and vegetables, but more than one-half of the
students had eaten two or fewer servings of foods high in fat.  In the same year, state-level
Youth Risk Behavior Surveillance System data indicated that the median prevalence of eating
five or more servings of fruits and vegetables a day is 27.0%.  West Virginia fell below the
median with a lower prevalence of 24.5%.  The state median for prevalence of eating two or
fewer servings of high-fat foods a day is 61.8%.  Data for West Virginia indicated that 59.2%
of the state’s representative sample ate two or fewer servings of high-fat foods (Centers for
Disease Control and Prevention, 1997).
7The Bogalusa Heart Study which tracked dietary intake of children in a biracial
community indicated an overall decline in the total amount of milk, vegetables, soups,
breads, grains, and eggs consumed with an increase in total amounts of fruits and fruit juices,
carbonated beverages, poultry, and cheese consumed (Nicklas, 1995).  Between 1977 and
1994, milk consumption for both boys and girls had declined with a higher percentage of
dietary fat being obtained from cheese, poultry, and snack foods (Borrud, Enns, & Mickle,
1997).
Results from the Child and Adolescent Trial for Cardiovascular Health (CATCH)
Baseline Survey (Osganian et al., 1995) indicated that most children living in the United
States did not meet recommended food intakes as outlined by the Food Guide Pyramid (U.S.
Department of Agriculture/U.S. Department of Health & Human Services, 1995).
Standards and Goals for Nutritional Adequacy in Children
Recommended Dietary Allowances.  Recommended Dietary Allowances
(RDAs) are the levels of intake of essential nutrients that, on the basis of scientific
knowledge, are judged by the Food and Nutrition Board to be adequate to meet the known
nutrient needs of practically all healthy individuals.  RDAs are given for energy, protein,
vitamin A, vitamin E, vitamin K, vitamin C, iron, zinc, iodine, selenium, thiamin, riboflavin,
niacin, vitamin B6, vitamin B12, folate, phosphorus, magnesium, iron, zinc, iodine, and
selenium.  Adequate Intakes (AI) are also given for vitamin D, pantothenic acid, biotin,
choline, calcium, and fluoride. The RDA are neither minimal requirements nor necessarily
optimal levels of intake.  They are most appropriately applied to groups, however comparison
of individual intake, averaged over time, to the RDA allows estimation to be made regarding
8probable deficiency risks for individuals (National Research Council, 1989).  Safe and
adequate intakes are given in ranges for copper, manganese, fluoride, chromium, and
molybdenum.  Sodium, potassium, and chloride are given as estimated minimum
requirements.
Dietary Reference Intakes.  The Dietary Reference Intakes (DRIs) are nutrient-based
values for use in planning and assessing diets for individuals as well as groups.  The DRIs
reflect a shift in emphasis from preventing deficiency to decreasing the risk of diet-related
chronic conditions such as heart disease, diabetes, hypertension, and osteoporosis
(International Food Information Council, 1998).  DRIs include the following nutrient
requirement values:  the RDA (Recommended Dietary Allowances), EAR (Estimated
Average Requirement), AI (Adequate Intake), and UL (Tolerable Upper Level).  Using these
four values, expert panels have worked and continue to work to customize nutrient standards
that address nutrient adequacy while maintaining nutritional integrity (Barrett, 1997).  Three
complete reports on the Dietary Reference Intakes published by the Food and Nutrition Board
are now available.  The first report (Institute of Medicine, 1997) addresses the DRIs for
calcium, phosphorus, magnesium, vitamin D and fluoride.  Emphasis is on the importance of
these nutrients in prevention of bone-related diseases and disorders.  Bryant, Codogan, &
Weaver (1999), noted that calcium intake, which affects calcium retention in the bones and
determines bone mass and skeletal fragility, falls short of recently established requirements.
The calcium requirements in childhood and adolescence are determined by the high rate of
bone mineral growth that occurs at this stage of development and is critical to adult bone
status.  Calcium’s role in reducing the risks of such chronic diseases as colon cancer and
9hypertension have been considered in recent studies, but calcium deficiency and it link to
osteoporosis have received the most attention.
The second DRI report refers to intakes for thiamin, riboflavin, niacin, vitamin B6,
folate, vitamin B12, pantothenic acid, biotin, and choline and considers evidence regarding
prevention of disease and developmental disorders along with traditional evidence of
sufficient nutrient intake (Institute of Medicine, 1998).  As noted by Sizer and Whitney
(2000), deficiencies of any of the B vitamins are critical to cell renewal because they facilitate
the body’s use of the energy nutrients.  During periods of growth and development,
limitations in these nutrients may cause damage in which full recovery may be impossible.
The “dietary antioxidants” (vitamin C, vitamin E, selenium, and carotenoids),
evidence regarding their impact on chronic disease, and their roles in relation to deficiency
states are addressed in the most recently published DRI report (Institute of Medicine, 2000).
Monsen, (2000), highlighted six key points in relationship to the report.  Food, rather than
supplements was indicated as a preferred source of the dietary antioxidants because of the
multiple nutrient value provided by food.
The fourth DRI report, recently released for publication during the completion of this
research study and discussed by Trumbo, Schlicker, & Poos,  (2001) addresses intake
standards for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron,
manganese, molybdenum, nickel, silicon, vanadium, and zinc. According to the commentary
by these authors, specific criteria for adequacy were used to determine estimated
requirements.  For example, in determination of iron requirements, the committee chose to
set criteria at the level to maintain minimal iron stores rather than the lower values needed to
prevent anemia.
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Food Guide Pyramid:  A Guide To Daily Food Choices.  The Food Guide Pyramid
(U.S. Department of Agriculture & U.S. Department of Health & Human Services, 1995) is a
visual representation of the Daily Food Guide and works as an excellent teaching tool to
illustrate the importance of balance among food groups in a daily eating pattern.
Dietary Guidelines for Americans.  Every five years, the USDA and USDHHS
publish a set of guidelines that are representative of the best current advise of nutrition
scientists.  Table 1 lists the 1995 and 2000 Dietary Guidelines for Americans. These
guidelines are recommended for persons above the age of two years to prevent certain
diseases and promote good health throughout life.  The 1995 Dietary Guidelines served as a
useful tool to assist the nation in its efforts to achieve the Healthy People 2000 objectives
(Public Health Service: U.S. Department of Health & Human Services, 1991).  Variances
between the updated guidelines and the former 1995 guidelines represent recommendations
of the Dietary Guidelines Advisory Committee to help Americans make sensible choices that
promote health and reduce chronic disease risks.
Table 1.  USDA and USDHHS.  Dietary Guidelines for Americans, 1995-2000.
Dietary Guidelines For Americans, 1995 Dietary Guidelines For Americans, 2000
• Balance the food you eat with physical activity -
maintain or improve your weight.
 Aim for fitness
• Aim for a healthy weight.
• Be physically active each day.
• Eat a variety of foods.
• Choose a diet with plenty of grain products,
vegetables and fruits.
 Build a healthy base
• Let the Pyramid guide your food choices
• Choose a variety of grains daily, especially
whole grains.
• Choose a variety of fruits and vegetables daily.
• Keep food safe to eat.
• Choose a diet low in fat, saturated fat, and
cholesterol.
• Choose a diet moderate in sugars.
• Choose a diet moderate in salt and sodium.
• If you drink alcoholic beverages, do so in
moderation.
 Choose sensibly
• Choose a diet that is low in saturated fat and
cholesterol and moderate in total fat.
• Choose beverages and foods to moderate you
intake of sugars.
• Choose and prepare foods with less salt.
• If you drink alcoholic beverages, do so in
moderation.
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Healthy People 2000 & 2010:  National Health Promotion and Disease Prevention
Objectives.    Every decade, the U.S. Department of Health and Human Services (UDHHS)
develops the Healthy People document that sets ten-year health objectives for the country.
Healthy People 2000 contained 297 objectives covering 22 different areas of priority.  The
third review of progress on Healthy People 2000 objectives for nutrition  (Public Health
Service) indicated that some of the objectives had not been met as of 1998.  While there were
no specific objectives for reducing overweight in children, data indicated that overweight in
children aged 6-11 years of age increased from 7.6 percent in 1976-80 to 13.6 percent in
1988-94.  In addition, the population aged 2 years and older consumed an average of 4.6 daily
servings of fruits and vegetables in 1994-96.  This showed an increase from the 1989-91
baseline of 4.1.  The year 2000 target was 5 servings for all age groups >2 years of age.  The
report also defined the status of fat intake in all individuals aged 2 years and older.  In the
baseline period of 1989-91, the proportion of total caloric intake from fat and  saturated fat
was 34 percent and 12 percent, respectively.  Some progress was shown in the 1994-96 data
indicating 33 percent of total energy intake from fat and 11 percent from saturated fat.  The
year 2000 targets for fat intake were 30 percent for fat and 10 percent for saturated fat.
Healthy People 2010 is representative of efforts to reach many of the goals that were
not met by the 2000 objectives as well as addressing new concerns for the upcoming century
(Sizer and Whitney, 2000).  Healthy People 2010 Nutrition and Overweight Objectives
related to the content of this paper are given in Table 2.
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Table 2.  Healthy People 2010:  Nutrition and Overweight Objectives
  Objective 19.1
    Increase the proportion of adults who are at a healthy weight.
  Objective 19.2
    Reduce the proportion of adults who are obese (defined as a BMI of 30 or more).
  Objective 19.3
    Reduce the proportion of children and adolescents who are overweight or obese.
  Objective 19.5
     Increase the proportion of persons aged 2 years and older who consume at least two servings of fruit.
  Objective 19.6
     Increase the proportion of persons aged 2 years and older who consume at least three daily servings of
     vegetables, with at least one-third being dark green or orange vegetables.
  Objective 19.7
      Increase the proportion of persons aged 2 years and older who consume at least six daily servings of
      grain products, with at least three being whole grains.
  Objective 19.8
     Increase the proportion of persons aged 2 years and older who consume less than 10% of daily calories
      from saturated fat.
  Objective 19.9
     Increase the proportion of persons aged 2 years and older who consume no more than 30% of calories
      from total fat.
  Objective 19.10
     Increase the proportion of persons aged 2 years and older who consume 2400 mg or less of sodium
     daily.
  Objective 19.11
     Increase the proportion of persons aged 2 years and older who meet dietary recommendations for
     calcium.
  Objective 19.15
     Increase the proportion of children and adolescents aged 6 to 19 years whose intake of meals and
      snacks at school contribute to good overall dietary quality.
Adapted from Healthy People 2010:  National Health Promotion and Disease Prevention Objectives.
(PHS: USDHHS, 2000)
The National School Lunch Program
Standards for the National School Lunch Program.  Dwyer (1995), summarized four
distinct school nutrition revolutions in the United States.  The focus of these revolutions has
evolved since the late 19th century from an emphasis on feeding poor children who needed
school meals to a current focus on adherence of school meals to the Dietary Guidelines for
Americans (Public Health Service, 1995).  This current revolution was consistent with the
goal of the US Department of Health and Human Services Healthy People 2000 (Public
Health Service: U.S. Department of Health & Human Services, 1991), which stated that by
13
the year 2000, 90% of school lunches and breakfasts should have menus that are consistent
with the Dietary Guidelines.  Healthy People 2010 Objective 19.15 proposes a continued
increase in the proportion of children aged 6 to 19 years whose intake of meals and snacks at
school contributes to good overall dietary quality.  Because the standards required by USDA
for school lunches do not apply to foods sold in snack bars, school stores, vending machines
and foods brought from home, efforts must be made in nutrition education and promotion to
reach parents and children with tools to make wise nutrition choices.
Public Law 104-149, the School Meals Initiative for Healthy Children as discussed by
Morris (1996), mandated the compliance of school meals to the Dietary Guidelines for
Americans.  The Healthy Meals for Healthy Children Act (HR 2066) specifically stated that
the National School Lunch Program must provide one-third of the Recommended Dietary
Allowances (RDAs) for protein, vitamin A, vitamin C, calcium, iron and energy.  These
federal standards were to be implemented by the 1996-97 school year unless waived by the
state agency until 1998-99 (U.S. Department of Agriculture, 1995).
Effective February 13, 1997, the West Virginia Board of Education (WVBOE)
adopted a revised set of standards for school nutrition (δ4321.1) which apply not only to
school meals but also to additional snacks, including foods and beverages sold or served to
students (West Virginia Board of Education, 1994).  Lunch Implementation Option A
requires that school lunches meet the 1994-95 USDA meal pattern requirements and
averaged over a period of one week or one month, provide:  (a) at least one-third of students’
RDAs for calories, protein, calcium, iron, vitamins A and vitamin C;  (b) no more than 30%
of energy intake from fat and no more than 10% of energy intake from saturated fat; (c) no
more than 1100 mg. of sodium;  (d) at least 6 g. of naturally occurring dietary fiber; and (e)
14
water as an optional/supplemental beverage.  In addition to these standards, schools are
prohibited from selling or serving any foods containing 40% or more sugar by weight and any
juice or juice product sold or served must contain a minimum of 20% real juice.  USDA meal
pattern requirements include the following five components:  a serving of meat or meat
alternate, two or more servings of vegetables and/or fruits, one and one-half servings of
whole-grain or enriched bread or bread alternate (containing at least 33% whole grain), and
one serving of  milk.  Minimum serving sizes are based on different age and grade groups.
The offer versus serve option allows students to refuse up to two of these five components
and still maintain a lunch that qualifies for government reimbursement (Burghardt &
Devaney, 1995).  This option was designed primarily to reduce plate waste (Ho, Gould,
Jensen, Kiser, Mozar & Jensen, 1991).
Nutrient Contributions of School Lunch.  Ho et al. (1991), utilized a visual plate
waste study to determine that school lunches as consumed by Junior High students in Utah
provided significantly higher (p<0.05) amounts of most nutrients than sack lunches.  This
study also determined that, as consumed, school lunch did not meet the dietary
recommendations for percent of calories from carbohydrate, total and saturated fats, dietary
fiber, and sodium.  Devaney, Gordon and Burghardt (1995), found that a nationally
representative sample of National School Lunch Program (NSLP) participants’ mean intakes
of most nutrients at lunch met the program goal of at least one-third of the RDA, but they
consumed more fat, saturated fat, and sodium than recommended.  A second study,
conducted this same year, by Gordon, Devaney, and Burghardt (1995), used a 24-hour dietary
recall to assess the effects of participation in the NSLP.  Data indicated that NSLP
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participants had higher lunch intakes of vitamin A, calcium, and magnesium, and a lower
intake of vitamin C than non-participants. This study also indicated that NSLP participation
was associated with a higher percentage of food energy from fat and saturated fat.  Similar
data from 24-hour dietary intake interviews with 3,350 children in grades 1-12 maintained
that NSLP participants consumed substantially more fluid milk, meats, grain-based mixtures
containing meat or cheese, and vegetables at lunch than did non-participants.  These trends
lead to higher fat intakes than non-participants.  Higher consumption of fluid milk by NSLP
participants was indication for their higher intakes of vitamin A, calcium, and magnesium.
Higher meat consumption increased the intakes of zinc by participants and higher vegetable
consumption was responsible for a large contribution of vitamin A and minerals by the group.
A summary and discussion of the School Nutrition Dietary Assessment Study by Burghardt,
Devaney, & Gordon (1995), offered suggestions for reducing fat in school lunches to within
the standards set by the Dietary Guidelines.  Some of the suggestions made in this 1995 study
were to be solved in Public Law 104-149, with adherence to the Dietary Guidelines.  Gordon
& McKinney (1995), noted that non-participants of the school lunch program were much
more likely to consume cakes, cookies, salty snacks, and sweets at lunch and that higher
vitamin C intake recorded for non-participants was due largely to their frequent consumption
of fruitades fortified with vitamin C.
Summary of Review of Literature
The development of a healthy lifestyle begins in childhood and includes the ability to
make wise food choices.  The eating habits and tendencies toward overweight of American
children indicate high risks for the development of diet-related diseases in adulthood.  Recent
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federal and state regulation of the NSLP has maintained high standards for compliance with
Healthy People 2000 and 2010 objectives, the Recommended Dietary Allowances, and the
Dietary Guidelines for Americans.   Since these recent standards were not mandated until the
1998-99 school year, previous studies quoted in this review of literature evaluated programs
that did not fall under compliance with current mandates. In addition, recent work by the
Institute of Medicine to develop the Dietary Reference Intakes have refined nutrient intake
standards, providing better estimates for determining individual needs as well as those of
groups.
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CHAPTER III
METHODOLOGY
This research study addressed two primary objectives.  The first objective was to
compare the nutrient content of packed lunches and school lunches as selected and
consumed by elementary school students.  A secondary objective was to determine whether
school lunches and packed lunches as selected and consumed met the RDAs for children ages
7-10 years as well as some updated DRI values, and dietary guideline recommendations. The
research objectives were met by taking an accurate weight of each student’s lunch choices at
the beginning of the lunch period and a follow-up weight of any waste left by the student at
the end of the lunch period.   The study replicated and expanded upon prior research
conducted by Ho, Gould, Jensen, Kiser, Mozer, & Jensen (1991), involving Junior High
Students from Utah.  The previous study utilized visual plate waste as the predominant
method for data collection and a larger sample size.
Variables
This study was concerned with the nutritional content of school and packed lunches as
consumed during a regular school lunch period.  The independent variable was the type of
lunch consumed by the student:  (i) school lunch (food items offered by school food service
personnel including a choice of up to five school lunch components but not less than three of
the five offerings) or  (ii) packed lunch (food and/or beverages brought from home).  The
dependent variables for hypothesis one were the nutrient contents and nutrient intakes of
school and packed lunches. The Recommended Dietary Allowances (RDAs), the Dietary
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Reference Intakes (DRIs), and the Dietary Guidelines for Americans determined the
dependent variables for both hypotheses two and three.  School and packed lunches as
selected and consumed were compared with the standards given in Table 3 as guided by the
above standards.
Table 3.  Standards for Comparison of School and Packed Lunches
Nutrient Unit of
Measurement
Standards of Comparison
Ages (7-10)/Daily Recommendations
Energy Kilocalories RDA=2000 Kilocalories/day*
Carbohydrate Kilocalories 55-60% of Total Kilocalories
Total Sugar Kilocalories < 10% of Total Kilocalories***
Protein Grams RDA=28 g/day*
Total Fat Kilocalories < 30% of Total Kilocalories*
Saturated Fat Kilocalories < 10% of Total Kilocalories*
Sodium Milligrams < 1100 mg/lunch meal**
Dietary Fiber Grams > 6 g/lunch meal**
Iron Milligrams RDA=10 mg/day*
Vitamin A Retinol Equivalents RDA=700 RE/day*
Zinc Grams DRI =5-8 g/day
Calcium Milligrams DRI = 800-1300 mg/day*
Phosphorus Milligrams DRI = 500-1250 mg/day
Magnesium Milligrams DRI = 130- 240 mg/day
Vitamin D Micrograms DRI = 5 µg/day
Fluoride Milligrams DRI = 1-2 mg/day
Vitamin C Milligrams DRI = 25-45 mg/day*
Vitamin E Grams DRI = 7-11 g/day
Thiamin Milligrams DRI = 0.6-0.9 mg/day
Riboflavin Milligrams DRI = 0.6-0.9 mg/day
Niacin Milligrams DRI = 8-12 mg/day
Vitamin B6 Milligrams DRI = 0.6-1.0 mg/day
Folate Micrograms DRI = 200- 300 µg/day
Vitamin B12 Micrograms DRI = 1.2- 1.8 µg/day
Pantothenic
Acid
Milligrams DRI = 3- 4 mg/day
Biotin Micrograms DRI = 12-20 µg/day
*USDA Nutrient Standards For School Lunch; Calcium has been updated from the RDA value of
  800 mg to the 800-1300 DRI range; Vitamin C has been updated from the RDA value of 45 mg to
  the 25-45 mg DRI range.
**Additional WVBOE standards for School Lunch (West Virginia Board of Education, 1994)
***(WHO Population Nutrient Goals ,1990)
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The lunch target for these nutrients was one-third (> 33.3%) of the RDA/DRI unless
otherwise indicated in Table 3.  Intake of total fat as a percentage of food energy was
evaluated at the recommended amount of <30% and saturated fat as a percentage of food
energy at < 10% based on the Dietary Guidelines for Americans (USDA & USDHHS, 1995).
The West Virginia Board of Education standards for sodium intake at < 1100 mg/meal and
dietary fiber at > 6 g/meal were used as the references for this study.  Carbohydrate as a
percentage of energy intake was evaluated for a target range of 55-60% based on the Dietary
Guidelines for Americans and total sugar as a percentage of energy at < 10% based on the
World Health Organization (WHO) Population Nutrient Goals (1990). It is important to note
that according to USDA standards, nutrient values for school lunch programs need only be
met through a one-week or one-month average of planned meals.  In addition, school lunches
do not have to provide one-third of all nutrients to be in compliance.  Standards have only
been set for total energy, protein, calcium, iron, vitamin A, and vitamin C with additional
West Virginia standards for sodium, fat, saturated fat, and fiber.  For the purposes of this
study, daily lunch nutrient intakes will be compared to daily standards so that a comparison
can be made between the two types of lunches examined, namely school-prepared lunches
and those brought from home.
Subjects
The participants in this study included 114 students from three elementary schools in
Marion County, West Virginia. Students were selected on the basis of parental consent and
their own assent to participate.  The study included students in grades 2-5 who were in the
age range of 7-10 years. The principals at three elementary schools (Watson Elementary, East
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Dale Elementary, and Barrackville Elementary) agreed to participate in the study.  Each
principal provided a letter of consent to the primary investigator.  Copies of each letter have
been provided in Appendix A.  The three participating schools had free and reduced to
regular lunch ratios of 51%, 49%, and 47% respectively.  These were representative of the
average countywide free and reduced to regular lunch ratio of 44% (Marion County Board of
Education, 2000).  Households with income levels at or below 130% of poverty are eligible
for free meals and those with incomes between 131 and 185% of poverty are eligible for
reduced priced meals (Food and Nutrition Service, 2001).  In addition, the selected schools
were representative of urban, rural, and suburban samples of the county population.
According to the U.S. Bureau of Census, 1997, Marion County had an estimated population
of 56,900 (West Virginia Department of Health & Human Resources, 1999).
Sample Selection
 The primary investigator made initial contacts with each school participating in the
study.  A detailed explanation along with procedures of the study and who would be involved
was given to the principal or assistant principal and to the foodservice staff.
An introductory letter and consent form (approved by the WVU-IRB Board) stating
the basic procedures for the study were sent home to each parent/guardian with their child.
Forms were sent to students in the second and fourth grades in the three schools initially.
However, when returns from these two grades indicated low numbers of parental consent, the
WVU-IRB Board approved an extension of the study to include students in the third and fifth
grades as well. Copies of the consent form, assent form, cover letter, and IRB approvals for
the protection of human subjects are provided in Appendix B.  Signed consent forms were
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returned to the classroom teachers who forwarded them to the school administrator
overseeing the study at that school.  Data were collected on a total of 114 students with
distribution as indicated in Table 4.  All students that returned parental consent forms and
assented to participate were included in the study.
Table 4.  Student Distribution Among Three Participating Schools
Packed Lunch
N=22
School Lunch
      N=92
Watson Elementary 5 24
Barrackville Elementary 6 21
East Dale Elementary  11 47
Procedures
Data Collection.  Data collection occurred on seven days randomly selected based on
return of consent forms, and consideration of holidays and other school functions that might
interfere with the regular lunch day.  Care was taken so that a different entrée was being
offered on each day of data collection.  The principal was advised three days in advance of
data collection to confirm approval.  The principal was advised not to notify school
foodservice staff or students as to the indicated date.
 The primary investigator and one assistant were involved in data collection.   The
assistant recorded information on age, gender and grade for students as well as all food
weights as measured by the investigator.   
Students were excused from their class approximately one hour prior to the lunch
period. They were instructed that the purpose of the study was to determine what types of
food elementary school children eat.  Each student received a copy of the assent form.  The
investigator read the assent form to the students and assured the students that they did not
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have to participate.  The investigator explained that the student was to pick up his/her tray
and bring it or his/her packed lunch directly to the weigh station upon entering the cafeteria.
Each subject was assigned a number that was recorded on the top of the data collection form
and on a colored dot they were to wear on their clothing or show to the foodservice staff as
they went through the lunch line.  This allowed the staff to recognize which students were
participants so that certain foods could be placed into disposable food containers for ease and
accuracy in weighing.  Students were also instructed not to eat anything until their lunch had
been weighed and not to discard any food or wrappings after eating until a second weight had
been taken.  After explaining all directions to the students, they were asked to sign the assent
form if they would like to participate in the food study.  Only one student declined
participation in the study after parental consent had been provided.  After each student signed
the assent form or declined participation, they returned to their regular class and attended
lunch at the scheduled time.  The principal at each school agreed to allow the participants
additional time to eat if needed as a result of time consumed in data collection.
Measurement.  Disposable food containers were supplied to food service staff for use
with certain menu items to facilitate accuracy in weighing.  Examples of such items were
chicken potpie and salad.  The primary investigator and assistant followed all standards of
food sanitation and safety as defined by the West Virginia Health Department, (2000).
Disposable gloves and disposable food containers were used in handling all food items
during weighing.  A digital scale readable to 0.1 gram was used for all weights (Acculab,
2000).  The scale was calibrated prior to each use.  A data collection form developed by Ho et
al. (1991), in a similar study was revised slightly for the purposes of this research.   A letter
of consent for use and adaptation of this form from the primary investigator of the former
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study was obtained.  Copies of the letter and revised data collection form are given in
Appendix C.  Each form provided a space to identify the subject by identification number,
age, gender, and grade level.
Food items and amounts selected by the student from school lunch or packed
lunch were weighed and recorded to the 0.1 gram.  Prepackaged lunch items with
standardized weights were recorded as per packaging.  Standard items among students such
as milk were weighed with the container, and a standard container weight was subtracted
from the total weight.  This procedure was used for condiments and other prepackaged foods
as well. Combination items such as sandwiches in either packed or school lunches were
recorded as total weights for the whole sandwich.  No attempt was made to disassemble
combination items during the weighing process. Initial food weights were recorded in the first
column of the data collection form.  The amount of each food item remaining after the
student completed the meal was weighed and recorded in the second column.  The third
column on the form was used to indicate the amount of food consumed as a difference
between column one (food chosen/provided) and column two (food wasted).  Data was
collected in all schools during two separate lunch periods.  The dates and distribution for the
data collection among schools and lunch periods are indicated in Table 5.
Table 5.  Date and Distribution of Subjects in Data Collection
Date School Data Collected
 Lunch 1
Data Collected
 Lunch 2
3-13-00 Watson 6 13
3-15-00 Barrackville 7 8
3-20-00 East Dale 15 10
4-5-00 Barrackville 7 5
4-7-00 Watson 3 7
4-19-00 East Dale 9 11
4-20-00 East Dale 8 5
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Nutritional Analysis.  The amount of food actually consumed by each student was
determined after data collection by completing column three on the data collection form.
Weights for containers and wrappers were also subtracted at this time from both initial food
weights and weights of food wasted.   School lunch menu items that were combination dishes
such as chicken potpie, chili, etc. were left as total weights for the menu item.  Weights for
combination food items sent from home such as a ham and cheese sandwich were calculated
using a ratio.  A table of food values (Pennington, 1994) and Nutritionist V nutrient analysis
software (First Data Bank, 1995) were used to develop a standard weight for a sandwich
composed of the items making up the packed sandwich.  Each item weight was then
determined as a ratio of that standard weight sandwich.  Using these ratios and the total
weight of the packed lunch sandwich, individual weights for food items making up the
packed sandwich were determined.  The same procedure was used for all packed lunch items
that were not prepackaged. An example of this procedure is provided in Appendix D. School
lunch menu items that were combination dishes were analyzed using Nutritionist V by
entering the ingredients and saving them under a recipe file.  This recipe was later retrieved
and used to analyze tray content and intake for each subject choosing that item on his/her
tray.  Appendix E provides a copy of the county menus for the months of March and April,
foodservice production records and recipes supplied by the Marion County Child Nutrition
Director for each day of data collection (Marion County Board of Education, 2000), and
menu items as entered into Nutritionist V for nutrient analysis.  Some USDA standardized
recipes used by the county were already available in the Nutritionist V database and therefore
did not have to be entered manually.
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Initial food amounts from column one and total food amounts consumed from column
three of the data collection form were analyzed using Nutritionist V software.  Each
individual student meal selected and consumed was analyzed for all nutrients in the database
except for the amino acids, moisture, and ash.
Statistical Analysis.  All of the data entered, including demographics, food intake, and
nutrient intake, were analyzed using Statistica for Windows (Statsoft, 1995).  The dependent
variables were: (a) nutrient value provided or selected in each lunch, (b) nutrient value
wasted in each lunch, (c) nutrient value consumed from each lunch, (d) percent of
recommended nutrient standard available in each lunch, (e) percent of recommended nutrient
standard consumed from each lunch, (f) percent of students offered the recommended
nutrient standard in their lunch as selected or provided, and (g) percent of students with
nutrient intake that met the recommended standard.  The independent variable was the type of
lunch chosen..
Data entered were statistically analyzed for descriptive statistics (mean and standard
deviation), Analysis of Variance (ANOVA), and Tukeys Honestly Significant Difference for
Unequal N (HSD.UEN).  HSD.UEN was used due to the difference in the sample sizes
among students eating school lunch and those eating packed lunch. These statistical tests
determined significant differences between mean nutrient contents and intakes of school
lunch and packed lunch at p < 0.05 and p < 0.01 levels (Statsoft, 1995).
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CHAPTER IV
RESULTS
The objectives of this study were to compare the nutritional value of school lunch and
packed lunch and to determine if these lunch options met RDA and DRI nutrient standards
for children ages 7-10 and the Dietary Guidelines for Americans.  A total of 114 (N=114)
lunches were analyzed for nutrient composition.
Demographics
Table 6 provides demographic information on subjects by school, age, gender and
type of lunch option.  Results indicate that of the 114 subjects, half attended East Dale
Elementary (50.9%), with remaining subjects almost evenly distributed between Barrackville
Elementary (23.7%) and Watson Elementary (25.4%).  Distribution among age groups varied
as well with only 5.3% of 7-year olds, 27.2% of 8-year olds, and 14.9% of 10-year olds
participating in the study.  Over half of the sample group (52.6%) was 9 years of age.
According to gender, the distribution was not as broad with 58.8% female subjects and
41.2% male subjects participating.  Distribution of subjects by type of lunch was broad with
only 19.3% of subjects eating packed lunch and 80.7% of subjects eating school lunch.
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Table 6.  Descriptive analysis of the number (n) and percent of participants according to school, age
               distribution, gender, and type of lunch consumed. (N=114)
Factor n Percent
School
   Barrackville 27 23.7
   East Dale 58 50.9
   Watson 29 25.4
Age
   7 6 5.3
   8 31 27.2
   9 60 52.6
   10 17 14.9
Gender
   Female 67 58.8
   Male 47 41.2
Type of Lunch
   School 92 80.7
   Packed 22 19.3
Energy and Macronutrients
Table 7 through Table 12 provide mean values of the energy and macronutrient
content and intake between school lunch and lunch from home, the percentage of the energy
and macronutrient standard available in the lunch, the percentage of the energy and
macronutrient standard consumed from the lunch, the percentage of students who were
offered or selected lunches with energy and macronutrient values that complied with the
defined nutrient standard, and the percentage of students who had energy and macronutrient
intakes meeting the defined nutrient standards.  The values given were used to determine
differences between the lunch choices in regard to nutrient content and intake and to interpret
the adequacy of each option as offered or selected and consumed.
School lunches and packed lunches, as determined by this study, provided adequate
amounts of energy as selected or provided, however, only slightly over one-fourth of students
eating school lunch and one-half of those eating packed lunch consumed one-third of the
day’s RDA.
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Both types of lunch provided well above the RDA for grams of protein, with school
lunch providing significantly higher amounts than packed lunch at p<0.01.  Differences in
intake of protein were not significant between the two lunches but both groups had mean
intakes at or above the one-third of RDA goal.
There were no significant differences between the two lunch types for energy
available as carbohydrate or for energy available as fat or as saturated fat. Students eating
packed lunch, on the average, consumed a larger percent of that energy from carbohydrate
than those who ate school lunch.  Almost half of students eating school lunch had intakes of
<30% of total energy from fat while only one-third of students bringing lunch from home had
energy intakes that met this standard.  While school lunches, as selected, provided higher
amounts of saturated fat than packed lunches, there was little difference in the intake of
energy as saturated fat between both lunch types.
Energy available as sugar and intake of energy in the form of sugar were significantly
higher at p<0.01 for packed lunches over school lunches.
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Table 7.  Energy Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Energy Available in Lunch as Selected/Provided (Kcal.)
Energy Not Consumed  (Kcal.)
Energy Intake  (Kcal.)
797 + 237
237 + 193
560 + 276
828 + 244
161 + 180
667 + 259
% of RDA† Available in Lunch as Selected/Provided
% of RDA†  Consumed
39.9 + 11.9
28.0 + 13.8
41.4 + 12.2
33.4 + 13.0
% of Student Lunches With >33.3% of RDA†
% of Students With Intake >33.3% of RDA†
66.3 + 47.5
26.1 + 44.2
81.8 + 39.5
50.0 + 51.2
Mean + SD
† RDA for Energy= 2000 Kcal (7-10 y) (FNB, 1989)
Table 8.   Protein Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Protein Available in Lunch as Selected/Provided (g)
Protein Not Consumed  (g)
Protein Intake  (g)
31.4 + 9.1**
10.0 + 9.7**
  21.0 + 10.0
18.9 + 7.2
2.7 + 4.2
16.1 + 7.0
% of RDA† Available in Lunch as Selected/Provided
% of RDA† Consumed
112 + 33**
     76 + 36
67 + 26
58 + 25
% of Students Lunches With >33.3% of RDA†
% of Students With Intake >33.3% of RDA†
100 + 0**
85 + 36
86 + 35
82 + 39
Mean + SD
**Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.01
†RDA for Protein= 28 g (7-10 y), (FNB, 1989)
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Table 9.  Carbohydrate (CHO) Energy Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
CHO Energy Available in Lunch as Selected/Provided (Kcal.)
CHO Energy Not Consumed  (Kcal.)
CHO Energy Intake  (Kcal.)
417 + 158
110 + 106
307 + 165
482 + 132
99 + 115
383 + 145
% of CHO† Energy Available in Lunch as Selected/Provided
% of CHO† Energy Consumed
52.3 + 10.0
  54.9 + 11.6
58.9 + 6.4
58.2 + 7.1
% of Student Lunches Having 55-60% of Energy Available
     asCHO†
% of Students With 55-60% of Energy Intake as CHO†
16.3 + 37.1
12.0 + 32.6
27.3 + 45.6
27.3 + 45.6
Mean + SD
†CHO Recommendation= 55-60% of Total Energy (DGA, 1990)
Table 10.  Content and Intake of Energy from Fat in Student Lunches From School or Home
School Tray
    (N=92)
Lunch From Home
(N=22)
Energy from Fat Available in Lunch as Selected/Provided (kcal.)
Energy from Fat Not Consumed  (kcal.)
Intake of Energy from Fat (kcal.)
263 + 109
89 + 80
173 + 104
287 + 119
54 + 69
232 + 117
% Total Energy Available from Fat† in Lunch as
Selected/Provided
% of Total Energy Consumed from Fat†
32.6 + 7.8
30.4 + 8.8
33.7 + 5.9
33.6 + 6.6
% of Student Lunches With <30% of Total Energy from Fat†
% of Student With Intake <30% Total Energy from Fat†
37 + 48
47 + 50
32 + 48
32 + 48
Mean + SD
†Nutrient Recommendation for Total Fat is < 30% of Total Energy (DGA, 2000)
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Table 11.Content and Intake of Energy from Saturated Fat in Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Energy from Saturated Fat Available in Lunch as
      Selected/Provided (kcal)
Energy from Saturated Fat Not Consumed  (kcal)
Energy from Saturated Fat Intake  (kcal)
93 + 39
27 + 25
65 + 43
85 + 47
16 + 28
69 + 39
% Total Energy Available from Saturated Fat† in Lunch as
     Selected/Provided
% of Total Energy Consumed from Saturated Fat†
12 + 3.1
11 + 3.9
10 + 3.4
10 + 3.3
% of Student Lunches With <10% of Total Energy from
    Saturated Fat†
% of Student With Intake <10% of Total Energy from
    Saturated Fat†
29 + 46
36 +  48
46 + 51
41 + 50
Mean + SD
†Nutrient Recommendation for Saturated Fat is < 10% of Total Energy (DGA, 2000)
Table 12.  Content and Intake of Energy from Sugar in Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Energy from Sugar Available in Lunch as Selected/Provided (Kcal)
Energy from Sugar Not Consumed  (Kcal)
Energy Intake from Sugar (Kcal)
121 + 69**
     37 + 42
  83 + 59**
229 + 82
 46 + 69
183 + 85
% of Energy Available from Sugar† in Lunch as Selected/Provided
% of Energy Consumed from Sugar†
 16.0 + 9.7**
 16.0 + 13.0**
28.0 + 6.6
28.0 + 9.0
% of Student Lunches With < 10% of Energy from Sugar†
% of Students With Intake < 10% of Energy from Sugar†
24.2 + 43.1*
31.5 + 46.7*
0
4.5 + 21.3
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
**HSD.UEN, p<0.01
†Sugar Recommendation= < 10% of Total Energy (WHO, 1990)
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Nutrients and Fiber Related to USDA and WVBOE Standards
 Comparisons of content and intake of sodium, dietary fiber, iron, vitamin A, and zinc
among school and packed lunches are given in Table 13 through Table 17.
School lunches, as selected, were significantly higher than packed lunches in dietary
fiber, vitamin A, and zinc at p<0.01. Intake of zinc was significantly higher from school
lunches at p<0.01 and intake of dietary fiber was significantly higher at p<0.05.  No
significance was indicated for intake of dietary fiber or vitamin A between the two lunch
choices.  Differences in sodium and iron content and intake were not significant between
school lunches and lunches provided from home.
Differences in the percentage of lunches providing the recommended standard of > 6
grams of dietary fiber were significant between school and packed lunches at p< 0.05 but
there was no significant difference in the percentage of students with intakes that met the
recommended standard.  Significance was indicated at p<0.01 for percentage of lunches
providing at least one-third of the RDA standard for vitamin A and zinc.  The percentage of
students with intake of vitamin A was significantly higher from school lunch at p<0.01 and
the percentage of students with intake of zinc from school lunch was higher at p<0.01 level
of significance.
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Table 13.  Sodium Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Sodium Available in Lunch as Selected/Provided (mg)
Sodium Not Consumed  (mg)
Sodium Intake  (mg)
1569 + 922
  594 + 596*
  975 + 789
1155 + 514
  185 + 239
  970 + 529
% of Students Lunches < 1100 mg Sodium†
% of Students With Intake < 1100 mg Sodium†
40.2 + 49.3
77.2 + 42.2
50.0 + 51.2
54.5 + 51.0
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
†Sodium Recommendation is < 1100 mg/meal (WVDE, 1994).
Table 14. Dietary Fiber Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Fiber Available in Lunch as Selected/Provided (g)
Fiber Not Consumed  (g)
Fiber Intake  (g)
6.5 + 2.5**
        2.3 + 2.3*
        4.2 + 2.1
4.4 + 1.6
0.9 + 1.0
3.5 + 1.5
% of Student Lunches With > 6g Fiber†
% of Students With Intake > 6g Fiber†
46.7 + 50.2*
       17.4 + 38.1
18.2 + 39.5
  4.5 + 21.3
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
**HSD.UEN, p<0.01
†Dietary Fiber Recommendation is > 6 g/meal (WVDE, 1994).
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Table 15. Iron Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Iron Available in Lunch as Selected/Provided (mg)
Iron Not Consumed  (mg)
Iron Intake  (mg)
4.0 + 1.1
1.2 + 1.1
2.8 + 1.3
4.0 + 1.6
0.7 + 0.8
3.4 + 1.7
% of RDA† Available in Lunch as Selected/Provided
% of RDA† Consumed
40.2 + 10.8
27.8 + 13.3
40.4+ 16.0
33.6 + 17.0
% of Student Lunches With >33.3% of RDA†
% of Students With Intake >33.3% of RDA†
73.9 + 44.2
34.8 + 47.9
68.2 + 47.7
50.0 + 51.2
Mean + SD
†RDA for Iron= 10 mg (7-10 y) (FNB, 1989)
Table 16. Vitamin A Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Vitamin A Available in Lunch as Selected/Provided  (RE)
Vitamin A Not Consumed  (RE)
Vitamin A Intake  (RE)
 560 + 321**
   182 + 250*
   379 + 272
263 + 322
18 + 38
245 + 321
% of RDA† Available in Lunch as Selected/Provided
% of RDA† Consumed
80.1 + 45.9**
 54.1 + 38.9
37.5 + 45.9
35.0 + 45.9
% of Students Lunches With >33.3% of RDA†
% of Students With Intake >33.3% of RDA†
87.0 + 33.9**
 66.3 + 47.5*
31.9 + 47.7
31.8 + 47.7
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
**HSD.UEN, p<0.01
†RDA for Vitamin A= 700 RE (FNB,1989)
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Table 17.  Zinc Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Zinc Available in Lunch as Selected/Provided (mg)
Zinc Not Consumed (mg)
Zinc Intake (mg)
3.6 + 1.4**
    1.1 + 1.5*
2.6 + 1.6**
1.6 + 0.6
0.2 + 0.4
1.4 + 0.6
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
56.4 + 25.4**
39.6 + 27.7**
 22.1 + 10.8
18.6 + 8.5
% of Students Lunches With >33.3% of DRI†
% of Students With Intake >33.3% of DRI†
77.2 + 42.2**
51.1 + 50.3**
14.3 + 35.9
 9.5 + 30.1
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
**HSD.UEN, p<0.01
†Zinc DRI=5 mg/day (4-8y); 8 mg/day (9-13y) (IOM, 2001)
Nutrients Related to Osteoporosis and Other Bone-related Diseases
 Average content and intake of the bone related nutrients as well as comparisons to the
newly defined DRI standards for these vitamins and minerals are indicated in Table 18
through Table 22.
School lunches were significantly higher in all of the bone-related nutrients at p<0.01.
Intake of these nutrients from school lunch was also significantly higher at p<0.01 with the
exception of calcium which was significantly higher at p<0.05.  The percentage of school
lunches meeting or exceeding the recommended DRI standard was significantly higher at
p<0.01 for calcium, phosphorus, magnesium, and vitamin D.  The percent of students with
intake from school lunches meeting or exceeding the standard was significantly higher at
p<0.01 for phosphorus, magnesium, and vitamin D and for calcium at p<0.05.
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Table 18.  Calcium Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Calcium Available in Lunch as Selected/Provided (mg)
Calcium Not Consumed  (mg)
Calcium Intake  (mg)
438 + 213**
    92 + 95
  346 + 230*
263 + 190
59 + 113
204 + 135
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
41.6 + 23.7*
32.9 + 24.5*
23.6 + 22.2
17.5 + 12.3
% of Students Lunches With >33.3% of DRI†
% of Students With Intake >33.3% of DRI†
63.0 + 48.5**
  45.7 + 50.1*
13.6 + 35.1
9.1 + 29.4
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
**HSD.UEN, p<0.01
† Calcium DRI = 800 mg/day (4-8y); 1300 mg/day (9-13y) (IOM, 1997)
Table 19.  Phosphorus Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Phosphorus Available in Lunch as Selected/Provided (mg)
Phosphorus Not Consumed  (mg)
Phosphorus Intake  (mg)
526 + 166**
150 + 143**
377 + 190**
268 + 123
46 + 68
 222 + 115
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
67.0 + 40.6**
47.5 + 34.6**
27.6 + 23.8
22.1 + 17.7
% of Students Lunches With >33.3% of DRI†
% of Students With Intake >33.3% of DRI†
87.0 + 33.9**
62.0 + 48.9**
22.7 + 42.9
18.2 + 39.5
Mean + SD
**Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.01
 †Phosphorus DRI = 500 mg/day (4-8y); 1250 mg/day (9-13y) (IOM, 1997)
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Table 20.  Magnesium Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Magnesium Available in Lunch as Selected/Provided
(mg)
Magnesium Not Consumed  (mg)
Magnesium Intake  (mg)
79 + 22**
     20 + 20*
59 + 27**
39 + 18
6.0 + 8.0
33 + 17
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
43.9 + 20.0**
32.7 + 18.9**
18.7 + 12.4
15.5 + 11.0
% of Students Lunches With >33.3% of DRI†
% of Students With Intake >33.3% of DRI†
60.9 + 49.1**
40.2 + 49.3**
4.8 + 21.8
4.8 + 21.8
Mean + SD
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.05
**HSD.UEN, p<0.01
† Magnesium DRI = 130 mg/day (4-8y); 240 mg/day (9-13y) (IOM, 1997)
Table 21.  Vitamin D Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch From Home
(N=22)
Vitamin D Available in Lunch as Selected/Provided (µg)
Vitamin D Not Consumed  (µg)
Vitamin D Intake  (µg)
  2.43 + 1.45**
  0.33 + 0.65
2.11 + 1.56**
0.35 + 0.78
 0.01 + 0.03
0.34 + 0.78
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
48.7 + 29.1**
42.1 + 31.2**
6.9 + 15.6
6.7 + 15.6
% of Students Lunches With >33.3% of DRI†
% of Students With Intake >33.3% of DRI†
78.3 + 41.5**
67.4 + 47.1**
9.5 + 30.1
9.5 + 30.1
Mean + SD
**Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.01
† DRI for Vitamin D = 5µg/day (4-8y); 5µg/day (9-13y) (IOM, 1997)
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Table 22.  Fluoride Content and Intake from Student Lunches
School Tray
(N=92)
Lunch From Home
(N=22)
Fluoride Available from Lunch as Selected/Provided (mg)
Fluoride Not Consumed  (mg)
Fluoride Intake  (mg)
0.11 + 0.06**
 0.03 + 0.04
0.08 + 0.05**
0.04 + 0.04
 0.01 + 0.02
0.02 + 0.03
% of DRI† Available from Lunch as Selected/Provided
% of DRI† Consumed
7.41 + 4.97**
5.48 + 4.40**
2.27 + 2.61
1.53 + 2.31
% of Students Lunches With >33.3% of DRI†
% of Students With Intake >33.3% of DRI†
 0
 0
0
0
Mean + SD
**Tukey Honest Significant Difference for Unequal N (HSD.UEN), p<0.01
 † DRI for Fluoride = 1 mg/day (4-8y);  2 mg/day (9-13y) (IOM, 1997)
Nutrients Associated with Cancer Prevention
Content and intake values of the dietary antioxidants vitamin C and vitamin E for
both school and packed lunch participants are given in Table 23 and Table 24.
There was no significance indicated for differences in either content or intake of these
two nutrients between the two types of lunches.  Over half of school lunches met the DRI
standard for content of vitamin C while less than half of packed lunches provided the
recommended standard.  The percentage of students with intakes meeting or exceeding the
standard was approximately the same for both types of lunch.
Less than ten percent of both school lunches and packed lunches provided the one-
third of DRI standard for vitamin E and the percentage of students with intake meeting or
exceeding the standard was less than one percent for both groups.
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Table 23.  Vitamin C Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Vitamin C Available in Lunch as Selected/Provided
(mg)
Vitamin C Not Consumed (mg)
Vitamin C Intake (mg)
20 + 17
5 + 6
15 + 16
34 + 48
9 + 26
25 + 37
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
57 +53
44 + 49
87 + 116
65 + 92
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
60 + 49
40 + 50
41 + 50
36 + 50
Mean + Std. Dev.
†DRI for Vitamin C= 25 mg (4-8y); 45 mg (9-13y) (IOM, 2000)
Table 24.  Vitamin E Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Vitamin E Available in Lunch as Selected/Provided (mg)
Vitamin E Not Consumed (mg)
Vitamin E Intake (mg)
1.65 + 0.72
0.51 + 0.49
1.1 + 0.68
1.63 + 1.12
0.33 + 0.52
1.31 + 0.95
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
18.2 + 9.0
12.7 + 8.4
15.9 + 10.7
      12.5 + 8.6
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
5.4 + 0.23
1.1 + 10.4
9.1 + 0.29
0
Mean + Std. Dev.
†DRI for Vitamin E= 7 mg (4-8y); 11mg (9-13y) (IOM, 2000)
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Nutrients Acting as Facilitators for Energy Release and Prevention of Developmental
Disorders
Data pertaining to content and intake of the energy-release nutrients in both lunch
types are presented in Table 24 through Table 32.
Lunches provided at school and selected by students were significantly higher than
lunches from home at p<0.01 for riboflavin, vitamin B6, folate, vitamin B12, and pantothenic
acid.  Niacin content was also significantly higher in school lunches at p<0.05.  Intake of
vitamin B12 and pantothenic acid were significantly higher at p<0.01 with intakes of
riboflavin, vitamin B6, and folate significantly higher in school lunch at p<0.05.  No
significant differences were indicated for content or intake of thiamin or biotin between the
two types of lunch.
Over seventy-five percent of both lunch types met or exceeded the one-third of DRI
standards for content of thiamin, riboflavin, and niacin.  The percentage of school lunches
meeting or exceeding the standards for vitamin B6, vitamin B12, and pantothenic acid were
significantly higher than school lunches at  p<0.01.  Less than thirty percent of both types of
lunch met or exceeded the DRI standards for folate and biotin content.
The percentage of students having intakes that met the recognized standards were
significantly higher from school lunches for vitamin B6 at p<0.05 and for vitamin B12 and
pantothenic acid at p<0.01.
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Table 25.  Thiamin Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Thiamin Available in Lunch as Selected/Provided (mg)
Thiamin Not Consumed (mg)
Thiamin Intake (mg)
0.48 + 0.15
0.12 + 0.14
0.35 + 0.17
0.52 + 0.25
0.09 + 0.10
0.43 + 0.26
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
63 + 24
47 + 24
62 + 31
51 + 30
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
91 + 28
74 + 44
82 + 40
68 + 48
Mean + Std. Dev.
 †DRI for Thiamin= 0.6 mg (4-8y); 0.9 mg (9-13y) (IOM, 1998)
Table 26.  Riboflavin Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Riboflavin Available in Lunch as Selected/Provided (mg)
Riboflavin Not Consumed (mg)
Riboflavin Intake (mg)
0.85 + 0.31**
0.20 + 0.21*
0.65 + 0.36*
0.50 + 0.29
0.07 + 0.10
0.42 + 0.28
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
113 + 49**
 86 + 51*
60 + 38
50 + 35
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
97 + 18*
     85 + 36
77 + 43
64 + 49
Mean + Std. Dev.
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p< 0.05
** HSD.UEN, p< 0.01
†DRI for Riboflavin= 0.6 mg (4-8y); 0.9 mg (9-13y) (IOM, 1998)
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Table 27.  Niacin Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Niacin Available in Lunch as Selected/Provided (mg)
Niacin Not Consumed (mg)
Niacin Intake (mg)
7.2 + 2.6
      2.7 + 2.5**
4.5 + 2.4
6.0 + 3.0
0.6 + 0.7
5.4 + 3.1
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
71 + 31
       44 + 26*
53 + 26
48 + 26
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
89 + 31
63 + 49
77 + 43
73 + 46
Mean + Std. Dev.
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p< 0.05
** HSD.UEN, p< 0.01
†DRI for Niacin= 8 mg (4-8y); 12 mg (9-13y) (IOM, 1998)
Table 28.  Vitamin B6 Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from
Home (N=22)
Vitamin B6 Available in Lunch as Selected/Provided (mg)
Vitamin B6 Not Consumed (mg)
Vitamin B6 Intake (mg)
0.46 + 0.12**
0.15 + 0.13**
 0.32 + 0.14*
0.25 + 0.21
0.03 + 0.05
0.22 + 0.22
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
59 + 23**
    40 + 21*
27 + 22
23 + 22
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
89 + 31**
   57 + 50*
19 + 40
19 + 40
Mean + Std. Dev.
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p< 0.05
** HSD.UEN, p< 0.01
†DRI for Vitamin B6 = 0.6 mg (4-8y); 1.0 mg (9-13y) (IOM, 1998)
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Table 29.  Folate Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Folate Available in Lunch as Selected/Provided (µg)
Folate Not Consumed (µg)
Folate Intake (µg)
  71 + 26**
   21 + 23**
      50 + 26
39 + 37
3.2 + 4.5
36 + 38
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
  28 + 12**
      20 + 11*
14 + 13
13 + 13
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
34 + 48
10 + 30
10 + 30
 9 + 22
Mean + Std. Dev.
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p< 0.05
** HSD.UEN, p< 0.01
†DRI for Folate = 200µg (4-8y); 300 µg (9-13y) (IOM, 1998)
Table 30.  Vitamin B12 Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Vitamin B12 Available in Lunch as Selected/Provided (µg)
Vitamin B12 Not Consumed (µg)
Vitamin B12 Intake (µg)
  1.63 + 0.62**
0.45 + 0.49**
1.18 + 0.68**
0.61 + 0.50
0.05 + 0.14
0.56 + 0.51
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
108 + 45**
  78 + 47**
38 + 33
34 + 33
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
95 + 23**
83 + 38**
52 + 51
43 + 51
Mean + Std. Dev.
**Tukey Honest Significant Difference for Unequal N (HSD.UEN), p< 0.01
†DRI for Vitamin B12 = 1.2 µg (4-8y); 1.8 µg (9-13y) (IOM, 1998)
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Table 31.  Pantothenic Acid Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from
Home (N=22)
Pantothenic Acid Available in Lunch as Selected/Provided
(mg)
Pantothenic Acid Not Consumed (mg)
Pantothenic Acid Intake (mg)
 1.98 + 0.96**
 0.60 + 0.74*
 1.38 + 0.72**
0.65 + 0.45
0.07 + 0.09
0.59 + 0.47
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
57 + 31**
39 + 22**
17 + 13
16 + 13
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
85 + 36**
55 + 50**
11 + 32
11 + 32
Mean + Std. Dev.
*Tukey Honest Significant Difference for Unequal N (HSD.UEN), p< 0.05
** HSD.UEN, p< 0.01
†DRI for Pantothenic Acid = 3 mg (4-8y); 4 mg (9-13y) (IOM, 1998)
Table 32. Biotin Content and Intake of Student Lunches From School or Home
School Tray
(N=92)
Lunch from Home
(N=22)
Biotin Available in Lunch as Selected/Provided  (µg)
Biotin Not Consumed (µg)
Biotin Intake (µg)
   3.39 + 2.67
0.94 + 1.52
2.46 + 2.42
3.71 + 2.56
0.72 + 1.39
2.99 + 2.71
% of DRI† Available in Lunch as Selected/Provided
% of DRI† Consumed
21 + 17
15 + 14
20 + 14
17 + 15
% of Student Lunches with  > 33.3% of DRI†
% of Students With Intake > 33.3% of DRI†
24 + 43
13 + 34
11 + 32
11 + 32
Mean + Std. Dev.
†DRI for Biotin = 12 µg (4-8y); 20 µg (9-13y)
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CHAPTER V
DISCUSSION
This discussion will first address concerns with overall nutrient content and intake
between school and packed lunches.   Second, the nutrient categories presented previously in
this paper and their specific health implications will be compared between the two lunch
types.  Finally, the nutrient value of the school lunches and packed lunches will be compared
to current school lunch standards as mandated by the United States Department of
Agriculture (1995), and the West Virginia Department of Education (1994).
Comparison of Overall Nutrient Content and Intake Between School and Packed
Lunches
The current study found that students eating school lunch wasted more food overall
than those students who brought lunches from home.  Devaney et al. (1995), determined that
National School Lunch Participants wasted ten to fifteen percent of the nutrients they were
served.   These similar findings may be attributed to the fact that students bringing lunch
from home are more likely to be provided with foods of their choice than school lunch
participants.  A typical packed lunch in the current study consisted of a meat sandwich, some
type of snack chips, a high sugar food (i.e. a snack cake, fruit snack, pudding, or fruit roll-
up), a high sugar fruit beverage or soda, and an occasional fruit or vegetable.  Pepperoni rolls,
(portions of pepperoni baked into bread dough that are common to this region of West
Virginia), were the most frequently packed sandwich choice.  Packed lunches typically were
deficient in most dairy products with the exception of cheese sticks or an occasional fruit
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yogurt.  Milk was available for purchase to students who brought lunches from home, but
there were no packed lunch students in this study who took advantage of this option.  Gordon
& McKinney (1995), noted similar lunch choices among non-participants of the school lunch
program who were much more likely to consume cakes, cookies, salty snacks, and sweets at
lunch and were likely to have higher vitamin C intake recorded than school lunch participants
due to frequent consumption of fruitades fortified with vitamin C.
In spite of the larger amount of food discarded from school trays, the school lunches
provided higher nutrient intake overall than packed lunches.  Ho et al. (1991), interpreted
similar findings among school and packed lunches.  The previous study, however, did not
evaluate values for vitamin E, the bone-related nutrients, or the energy-facilitating nutrients,
and plate waste was the predominant method of measurement over actual weighing.
Comparison of Nutrient Categories Among School and Packed Lunches
Energy and Macronutrients.  School and packed lunches provided similar amounts of
total energy, energy from carbohydrate, energy from fat and energy from saturated fat.
Previous studies by Ho et al.(1991) and Devaney, Gordon, & Burghart (1995),  determined
that school lunches contained higher amounts of total fat and saturated fat than packed
lunches.  While school lunches and packed lunches in the current study slightly exceeded
recommendations for content of total fat and saturated fat, intake of these energy sources fell
close to the recommendations for both types of lunch.  Protein content of school lunches in
the current study exceeded the total daily protein RDA by 12%.  Devaney et al. (1995), using
24-hour dietary recall, determined that children ages six to ten consumed 101% of the total
RDA of protein from the noon meal.
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The current study also evaluated total sugar content and intake from the two lunch
options.  Total sugar in this case consisted of all dissacharides, which include the naturally
occurring sugars of milk and fruit.  Sugar has been researched in relationship to obesity,
diabetes, and heart disease.  Hill and Prentice (1995), concluded that sugar may contribute to
obesity, but is not the sole cause.  High sugar beverages and snack items contributed to the
excess sugar content of packed lunches.  Much of the sugar contributed to school lunch was
provided naturally in milk and juice and some from ice cream, gelatin and other dessert
options.
 Nutrients and Fiber Related to USDA and WVBOE School Lunch Standards.  Prior
research has indicated the importance of reducing sodium content in school lunches (Ho et
al., 1991) and (Devaney, Gordon & Burghardt, 1995).  Data from the current study indicated
that 40% of school lunches as selected by students provided within the recommendation of
< 1100 mg/meal and that 77% of students eating school lunch had intakes meeting this
WVBOE standard.  The mean percentage of packed lunches providing sodium values within
the recommendation was 50% but students with packed lunch intakes meeting the goal were
55%.   Although school lunches in this study contained sodium levels that exceeded
recommendations, intake from both types of lunch fell within recommended levels.  It should
be noted that the standard used in this study (<1100 mg), based on WVBOE policy, is 200-
300 mg. above the standards used by the previous researchers.
School lunches were the only option providing appropriate levels of dietary fiber
according to the WVBOE standard, but intake from school lunch was not significantly higher
than packed lunch.  According to Williams (1995), children above the age of two years
should consume dietary fiber in amounts that equal their age + 5 g/day.  The range of
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appropriate daily intake for the ages involved in this study would be 12-15 g/day.  For the
noon meal, one-third of this amount would be 4-5 g.  While these values represent minimum
recommendations, the WVBOE standard may need to be reevaluated for elementary age
students.  Fiber is provided in school lunch by adding a percentage of whole grain flour to all
bread products and by offering fresh fruits and vegetables.  Packed lunches for the most part,
contained refined bread items and few raw fruits or vegetables.
No significant difference was indicated between packed lunch and school lunch for
content or intake of iron.  School lunch and packed lunch both provided a mean percentage of
40% of the RDA for iron.  Only 35% of students eating school lunch had intakes meeting the
standard while 50% of students eating packed lunch met or exceeded recommended intake.
As noted previously, school lunches were higher in protein but intakes of protein from both
types of lunch were similar.  The iron content of both lunch types was most likely obtained
from meat sources and from iron fortified bread products.
Both school lunches and those brought from home provided Vitamin A levels that
exceeded the one-third of RDA standard.  Twice as many students who ate school lunch,
however, consumed above the RDA for vitamin A than those students who ate lunch brought
from home.  Raw fruits and vegetables, including carrots, were offered on most days in
school lunch resulting in the higher intakes of vitamin A among this group.   Milk and cheese
also contributed to school lunch vitamin A content.  Packed lunches most likely derived the
majority of their vitamin A from fortified foods and an occasional raw fruit or vegetable.
 Students with intakes meeting or exceeding the DRI for zinc were 51% for school
lunches and 10% for packed lunches. Since protein-containing foods are the highest
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contributors of zinc, protein excesses as indicated in school lunch provided optimal levels of
zinc in this study.
Nutrients Related to Osteoporosis and Bone Integrity. It was noted in this study that
mean intake of milk, yogurt, and ice cream from school lunch was 234 g/day  while mean
intake of the same foods from packed lunch was only 44 g/day,(p<0.01); calcium intake from
school lunch was 346 mg/day vs. calcium intake from packed lunch of 204mg/day, (p<0.05).
Lack of milk and other dairy foods in packed lunches may be one of the major reasons for
differences among content and intake of the bone-related nutrients.  Johnston, Miller,
Slemenda, Reister, Hui, Christian, and Peacock (1992), determined that supplementation of
children with calcium levels above control groups led to increased bone density which is
critical for attaining peak bone mass and offering protection from osteoporosis.  As noted by
Fleming and Heimback (1994), a diet inadequate in dairy products may be inadequate in
calcium, vitamin A, folate, riboflavin, vitamin B6, magnesium, and potassium.
 Based upon other data from this study, almost half of students eating school lunches
met or exceeded the one-third of DRI standard for intake of calcium while less than 10% of
students eating packed lunches met or exceeded the standard.  Devaney et al. (1995),
indicated that children ages 6-10 were meeting or exceeding the recommended amounts of
calcium, phosphorus, and magnesium from the lunch meal.  This prior research was based on
the RDA for calcium which has since been increased for this age group as a result of the new
DRI’s.  It should be noted that the difference in calcium between the two lunch types may
well have been higher, but the schools in Marion County provide juice as an optional
beverage and this was often selected over milk.
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   Students with intakes from school lunch that met or exceeded the one-third DRI
standard for phosphorus, magnesium, and zinc were 62%, 40%, and 67% respectively. Less
than 10% of students eating packed lunches had intakes that met or exceeded the standard for
these three nutrients.  While fluoride levels were determined in this study along with other
bone-related nutrients, it is known that the nation’s primary source of fluoride is not from
food but from fluoridated water.
Nutrients Associated with Cancer Prevention.  The antioxidant nutrients are noted in
current research for their potential role in cancer prevention.  Byers and Perry (1992), confirm
a link between vitamin-C rich foods and reduced cancer risk and between vitamin E and
reduced risks of coronary heart disease.  The study did not, however, establish a correlation
between intake of vitamin E and C supplements and reduced cancer risk. Devaney et al.
(1995), determined adequate intakes of vitamin C from school lunch.  In the current study,
there were no significant differences between school and packed lunches in relation to
content and intake of the antioxidant nutrients vitamin E and vitamin C.  Both types of
lunches provided adequate amounts of vitamin C in relation to the one-third of DRI standard
but neither lunch type provided at least the minimum standard for vitamin E.  Mean intakes
of vitamin C between both types of lunches also met the DRI standard but the mean intake of
vitamin E for both groups was only 12% of the DRI.  The supplementation of vitamin C in
fruit beverages provided in most packed meals account for adequate intakes from this lunch
type.
Nutrients Acting as Facilitators for Energy Release and Prevention of Developmental
Diseases.  Devaney, Gordon, & Burghardt (1995), determined from diet recall of  ~ 3350
students nationwide that all NSLP participants met intakes of thiamin, riboflavin, niacin, B6,
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folate and B12 at mean values exceeding 33% of the RDA. The study by Ho et al. (1991), did
not look at the B vitamin content of lunches evaluated.
Data collected during this study found that adequate amounts of thiamin, riboflavin,
niacin, and B12 in relation to one-third of the DRI standard were available and consumed in
school lunches and packed lunches both.  Vitamin B6 and pantothenic acid were supplied and
consumed in adequate amounts as one-third of the DRI percentage in school lunch but not in
packed lunches. Folate and biotin were neither provided, nor consumed, in adequate amounts
in either type of lunch but their availability in school lunch was higher than in packed
lunches.  The U.S. began fortifying all enriched flour with folate as of January 1, 1998
(American Institute for Cancer Research, 2000).   Since both types of lunch provided several
folate-enriched food sources, the nutrient analysis database used in this study may not have
been adequately updated for current folate values.  Significant difference was shown at
p<0.01 for riboflavin, vitamin B6, folate, vitamin B12, and pantothenic acid available in the
types of lunches. Significance was also indicated for differences in intake of vitamin B12 and
pantothenic acid at p<0.01 and for riboflavin, vitamin B6, and folate at p<0.05.  Low levels of
these nutrients in packed lunches as opposed to school lunches can be attributed to food
selections that were less whole, heavily processed, and lower in protein.
Nutrient Value of School and Packed Lunches as Compared to National and State
School Lunch Standards
School lunches, as selected provided adequate amounts of energy, protein, iron,
vitamin A, calcium, and vitamin C.  Energy provided as fat and as saturated fat were slightly
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high in the school lunches and sodium was available in excess.  Dietary fiber was provided in
adequate amounts as selected.
Intake of total energy, iron, and dietary fiber from school lunch did not meet
recommended standards but adequate amounts of protein, vitamin A, vitamin C, and calcium
were obtained.  Iron intake fell below recommendations and energy consumed as saturated fat
was still in excess.  Sodium, although provided in excess, was consumed within
recommended amounts.  Dietary fiber was not consumed in amounts to meet the WVBOE
standard.
Packed lunches met the standards defined by USDA and the WVBOE for content and
intake of total energy, protein, iron, vitamin A and vitamin C.  Proportion of energy
distributed as total fat was both provided and consumed in excess but saturated fat as a
proportion of total energy was appropriate for both content and intake in packed lunches.
Sodium levels were also within recommendations.  Packed lunches were inadequate in
calcium and dietary fiber for both content and intake.
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CHAPTER VI
SUMMARY
The dietary intake of children is an important issue in current research because of
recent shifts in the last two decades from concerns of inadequate nutrient intake to concerns
of excesses of particular nutrients that may lead to or prevent diet-related illnesses. (Munoz ,
Krebs-Smith, Ballard-Barbash, & Cleveland, 1997).  Excesses of energy intake and recent
trends in childhood adiposity increase risks for conditions such as diabetes, coronary heart
disease, cancer, stroke, and osteoporosis (Public Health Service, 1998).  Recent federal and
state legislation for school lunch programs has mandated adherence to the Recommended
Dietary Allowances and the Dietary Guidelines for Americans in regard to specific nutrients
and dietary fiber (US Department of Agriculture, 1995 & WV Board of Education, 1994).
Since many of these standards were not mandated until the 1998-99 school year, previous
research cited in this study evaluated programs that did not fall under compliance with
current mandates.  In addition, recent work by the Institute of Medicine to develop the
Dietary Reference Intakes have refined nutrient intake standards, providing better estimates
for determining individual needs as well as those of groups.
Summary of Findings
The data collected and analyzed in this study were adequate to meet the goal of the
original research objectives defined by three hypotheses.  The first hypothesis stated that
there is no difference in the nutrient content of school and packed lunches.  Statistics
determined a strong difference in nutrient content between school and packed lunches for
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energy available as protein and sugar, dietary fiber, vitamin A, zinc, the bone-related
nutrients (calcium, phosphorus, magnesium, vitamin D, and fluoride), and the energy-
facilitating nutrients (riboflavin, niacin, B6, folate, B12, and pantothenic acid).  All of these
nutrients were available in larger quantities in school lunch rather than packed lunches with
the exception of energy available as sugar, which was higher in packed lunches.  Because of
the significant differences in nutritive value between the two types of lunches, hypothesis one
must be rejected.
Hypothesis two states that there is no difference in the nutrient intake of school
lunches and packed lunches as consumed.  Nutrient intakes varied significantly between
school and packed lunches for energy consumed as sugar, zinc, the bone-related nutrients
(calcium, phosphorus, magnesium, vitamin D, and fluoride), and the energy-facilitating
nutrients (riboflavin, B6, B12, and pantothenic acid).  Because significant differences in these
nutrient values between school and packed lunches were determined at p<0.01 and p<0.05
levels, hypothesis two must be rejected also.
Hypothesis three states that there is no difference between school lunches and packed
lunches in relation to current RDA, DRI and Dietary Guidelines for Americans.  Adequacy in
meeting the defined nutrient standards was determined to be significant between the two
types of lunches in regard to meal content of energy available as sugar and protein,
percentage of RDA/DRI available for dietary fiber, vitamin A, zinc, the bone-related nutrients
(calcium, phosphorus, magnesium, vitamin D and fluoride), and the energy-facilitating
nutrients (riboflavin, niacin, B6, folate, B12, and pantothenic acid).  Adequacy of intake in
meeting the defined nutrient standards was significantly different between types of lunches
for energy consumed as sugar, zinc, the bone-related nutrients (calcium, phosphorus,
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magnesium, vitamin D, and fluoride), and the energy-facilitating nutrients (riboflavin, B6,
folate, B12, and pantothenic acid).  Therefore, hypothesis three is rejected as well.
The findings of this study allow us to reject each of the three null hypotheses by
indications of significant differences between both nutrient content and intake of the two
types of lunches and by the significant differences determined between the two types of
lunches in meeting or exceeding the defined nutrient standards.
Conclusion:  It is concluded that nutrient content of school lunches in this study was
adequate based on federal and state guidelines, however, improvement is needed in assuring
that intake from this type of lunch is also adequate.  Packed lunches, overall, were inferior to
school lunch in nutrient content and nutrient intake.  Further, the findings suggest that milk
and other dairy foods high in calcium and other bone-related nutrients would significantly
improve the overall nutrient status of packed lunches.
Implications and Applications for Further Research
Recent developments and updates in nutrient standards have occurred during the
course of this study.  The committees working to update nutrient values with more refined
Dietary Reference Intakes have completed reports for a large percentage of the nutrients but
recent release of the fourth DRI report and anticipation of a future report leave the researcher
a wide realm of options for evaluating this current data in relationship to newly defined
standards which will be available in the future.
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Limitations of the Research
Due to the limited number of parental consents granted for students who normally eat
packed lunch, the data from this study provided limitations in statistical analysis based on the
variance between the number of packed lunches (n=22) and the number of school lunches
(n=92).  Another limitation concerning the sample group was their distribution by age and
gender.  It was originally planned that the subjects would be randomly selected based on both
gender and age.  When a limited number of consents were returned, it was necessary to use
all students in the data collection whose parents consented to their participation and who
assented themselves to be a part of the study group.  All of these factors provided limitations
in evaluating nutrient content among different age or gender groups.
Implications of the Study
The implications of this study suggested that school lunches as selected and
consumed were adequate according to USDA and WVBOE standards and were higher in
nutrient density among most nutrients than packed lunches. Exceptions to this included
vitamin C content and intake, iron intake, total energy content and intake, percentage of
energy as total fat provided and consumed, and percentage of energy as sugar provided and
consumed.  Nutrient components of concern with school lunches were deficient overall
energy intake,  protein content that exceeded the total daily RDA, and excesses of total fat
and saturated fat in both content and intake.
Of particular concern in this study was the difference between the types of lunch in
regard to content and intake of the bone-related nutrients. These specific nutrients are critical
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for growth and the development of bone integrity, which may reduce future risks for
osteoporosis.  School lunches contained significantly more of these nutrients than packed
lunches because they provided more dairy foods. Only school lunch provided adequate
amounts of the dietary fiber noted for its potential in prevention of certain types of cancer,
however intakes of dietary fiber from both school and packed lunches were below the WVDE
standards of 6g. for the lunch meal.
While USDA guidelines for school lunches require only a one-week or one-month
average to meet the recommended standards, this study looked at daily meal contents and
intakes from those meals.  The offer versus serve program provides students with the option
of selecting a meal that may not meet US and state recommendations even though it was
planned to do so.
School lunch is an important source of nutrients for elementary students in Marion
County where free and reduced lunches are provided to almost half of the student population.
Furthermore, school lunch as consumed either provided greater amounts of nutrients (p<0.01
and p<0.05) or was comparable to packed lunch in some nutrient contents.  Parents need to
be reminded of the economic savings that can be provided with school lunch.  The average
statewide cost for a regular-price lunch is $1.00 and the average reduced-price meal is $0.40
(West Virginia Department of Education, 2001).  Packed lunches, with their convenience
food items well exceed these costs.
School lunch standards provide the basis for well-balanced nutrient dense meals but
student choices are the key to diets that meet recommended lunch standards. Educators and
parents are the primary link in providing students with the nutrition knowledge to make food
choices that are more nutrient dense and which offer better protection from obesity and the
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diet-related diseases that accompany poor nutrition.  Nutrition education options may
include:  (i) teaching students to make adequate and wiser food choices, (ii) providing parents
with information on the health benefits as well as the economic savings from school lunch,
and (iii) providing educators with resources to instruct students on selection of healthy food
choices, the importance of adequate energy and nutrient intake, and the health risks
associated with poor nutrition over time.
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DETERMINATION OF INDIVIDUAL WEIGHTS OF FOOD ITEMS MAKING UP A
COMBINATION DISH/SANDWICH IN PACKED LUNCHES
Example:  Ham and Cheese Sandwich on White Bread with Mayonnaise
      Total Weight of Sandwich  (Taken with Acculab Digital Scale) =  117.3 g.
Individual Weights of Portions of Food Making up Sandwich:
First Data Bank, Inc. (1998). Nutritionist V.  Version 2.1.1. CA, San Bruno: Hearst Corp.
Pennington, J.A.T. (1994).  Bowes & Church’s Food Values of Portions Commonly Used
 (16th ed.). Philadelphia, PA:  Lippincott.
Values as determined from a single serving size using the above references for food portion
weights:
2 slices white bread 84 g.
1 slice Ham 28.5 g.
1 slice American Cheese 28 g.
1 T. mayonnaise             15 g.                            
                                                         155.5 g.
Actual Sandwich Weight as Determined for Student Lunch   =   117.3 g.  = .76
            Sandwich Weight as Determined from Above Calculation     =    155.5 g.
2 slices white bread 84 g.      x     .76   =   63.8 g.*
 1 slice ham lunchmeat           28.5 g.    x     .76   =   21.6 g.*
            1 slice American cheese 28 g.      x     .76   =   21.2 g.*
            1 Tablespoon mayonnaise      15 g.      x     .76   =   11.4 g.*
                                                                                             118.0 g.
*Values in bold were entered  into nutrient analysis as individual food components making
up the combination dish/sandwich.  Amount of sandwich consumed was calculated using the
same method.  If the student left all bread and no meat or cheese, the approximate amount of
each food item was noted at the time of weighing  and estimated as closely as possible.
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